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ABSTRACT
Vertical jump (VJ) is a strong determinant of explosive power in the trained and
untrained population. There is agreement among the literature that vertical jump training
can be improved through progression in specific training related to vertical jump. For
example, plyometrics is a widely studied training method for increasing VJ, and has been
generally accepted method for increasing VJ. Within the literature, training methods are
continually being studied to improve athletic performance. Exploration of improvements
outside of resistance training can provide further insight on enchancing athletic
performance. The present study examined the acute impact of stair climbing (SC) on VJ.
Twenty college age (23 ± 2.3 years) males (N=9) and females (N=11) completed two
separate appointments assessing 1 rep max (RM) and VJ. The first appointment assessed
lower limb strength with a 1 RM leg assessment using ACSM guidelines. The second
appointment involved a pre-VJ measurement, a SC session, and a post-VJ measurement.
The SC session was broken into five 1 minute intervals at a rate of 89 steps per minute
(SPM). After each 1 min interval, the participant rested for 2 minutes. After the SC
intervention, VJ measurements were taken again. For the VJ-SC analysis, a two way
ANOVA revealed significant increases in VJ after SC in males (VJ 24.85±3.46 in., VJSC 26.01±3.72 in.; p = .0001) and females (VJ 18.21±2.66 in., VJ-SC 18.85±2.69 in.;
p=.0249). It was concluded that an acute stair climbing session is an effective warm up
modality for improving average VJ height in college aged males and females.

4

ACKNOWLEDGEMENT
I would like to acknowledge everyone who played a role in my academic
accomplishments. First, my parents who supported me with love and understanding to
help me achieve this current level of success.
Secondly, I would like to thank my thesis committee for all their time and efforts
spent proofreading which helped me to write a thesis I could be proud of. Thank you for
your unwavering support.

5

TABLE OF CONTENTS
ABSTRACT........................................................................................................................ 3
ACKNOWLEDGEMENT .................................................................................................. 4
TABLE OF CONTENTS ............................... ERROR! BOOKMARK NOT DEFINED.
LIST OF FIGURES AND TABLES................................................................................... 6
CHAPTER I ................................................... ERROR! BOOKMARK NOT DEFINED.
INTRODUCTION ...................................................... ERROR! BOOKMARK NOT DEFINED.
CHAPTER II..................................................................................................................... 12
LITERATURE REVIEW.................................................................................................. 12
GENERAL STRENGTH TRAINING ON VERTICAL JUMP ........................................ 12
SPECIAL STRENGTH TRAINING ON VERTICAL JUMP. ........................................ 16
SPECIAL STRENGTH TRAINING ON VERTICAL JUMP. ........................................ 19
FLEXIBILITY ON VERTICAL JUMP ............................Error! Bookmark not defined.
COUNTER JUMP MOVEMENT .................................................................................... 25
STAIR CLIMBING AND VERTICAL JUMP ................................................................. 27
SPECIAL CONSIDERATIONS ....................................................................................... 29
CONTRADICTIONS IN THE LITERATURE ................................................................ 31
FUTURE RESEARCH ..................................................................................................... 32
CHAPTER III ................................................................................................................... 36
METHODS ....................................................................................................................... 36
Subjects. ................................................................................................................ 36
1 RM Protocol……………………………………………………………………37
Vertical Jump and Stair Climbing Protocol. ......................................................... 38
Analysis.................................................................................................................. 40
CHAPTER IV ................................................................................................................... 41
RESULTS ........................................................................................................................ 41
CHAPTER V..................................................................................................................... 45
DISCUSION ..................................................................................................................... 45
CONCLUSION.......................................................................................................... 48
REFERENCES ................................................................................................................. 49
APPENDICES A .............................................................................................................. 62
RAW DATA .................................................................. ERROR! BOOKMARK NOT DEFINED.
APPENDICES B ............................................ ERROR! BOOKMARK NOT DEFINED.
IRB FORMS ........................................................................................................................ 69

6

LIST OF TABLES
TABLE 1 Subjects Characteristics by Gender…………………... …….…………….41

TABLE 2 Mean Leg Press 1 RM Estimates…….…….................................................41

TABLE 3 Vertical Jump Means (± Standard Deviations) Without (VJ) and With a
Stair Climber Warm-u p(VJ-SC) for Male and Female Participants………………….42
TABLE 4 Correlation between 1 RM and Vertical Jump Without an Acute Stair
Climbing Warm-Up…………………………………………………………………....44
TABLE 5 Correlation Between 1 RM and Vertical Jump After An Acute Stair
Climbing Warm-up.….………………………………..................................................44

7

CHAPTER I
Introduction
Vertical jump is a measure of muscular power which can be measured to predict
athletic capabilities in various sports and activities such as volleyball and basketball. The
VJ is a complex movement that requires coordination in various muscles groups in the
trunk, arms, and legs which has been correlated with anaerobic power among athletes
(Bhatt & Purvi, 2012; Johnson & Bahamonde, 1996; Mann et al., 2021). Vertical jump
has been an accepted method for assessing anaerobic power along with the Wingate
Cycle Test, Margaria-Kalamen test, 40-yd dash, broad jump, power clean, and Olympic
Snatch (Changela & Bhatt, 2002; Changela & Bhatt 2012; Nikolaidis et al. 2016; ).
Research on factors that affect vertical jump height have been studied for decades
(Johnson & Bahamonde, 1996). The majority of the research has studied the effects of
Olympic weight training and plyometric exercises on vertical jump height (Hackett et al.,
2016; Marián et al., 2016; Pagaduan et al., 2019). These training methods are used to
increase muscular power which can be quantified with VJ. Anerobic power can be
defined as the performance of work with maximal speed (Silva, 2019). However, few
studies have looked at whether a brief, mostly aerobic, warm up period prior to VJ test
could improve VJ height.
A warm-up period prior to VJ test can impact the muscles involved in vertical
jumping. Within the complexity of the VJ movement there is specific muscle activation
of the following major muscles the gluteals (gluteus maximus, gluteus medius), rectus
femoris, vasuts medialis, gastrocnemius, and erector spinae (Charoenpanich et al., 2013;
Heick et al., 2020; Pinfold et al., 2018). While it is still unclear which specific muscles
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plays the most significant role in producing effective jumping, the activation of the genral
muscle groups used during the vertical jump are found when using the SC or while stair
stepping (Lewis et al., 2015). Therefoere, a brieft SC warm up session prior to VJ
measurement has the potential to improve VJ performance.
The training and activation of the gluteal muscles have undergone recent research
and the effect it has on VJ (Waldhelm & Fisher et al., 2016; Pinfold et al., 2018). In the
research of Pinfold et al. (2018) ten semi-professional male rugby players performed
glute specific warm up exercises to determine the effect it could have acutely on VJ. All
exercises were predominantly unilateral body weight bearing exercises. The lower-limb
exercises consisted of single leg stance with head nod, single leg airplane squat with hip
thrust, single leg airplane squat with trunk rotation, single leg airplane squat with black
thera-band and monster walks (forward/backward, side to side). After the gluteal warmup there was significant increases in VJ from pre to post countermovment jump height.
From this study it was observed that VJ can be improved with an acute warm-up session
that targets the glutial muscles. Since running requires similar, as well as additional,
muscle activation as VJ a relevant question is can aerobic warm-up improve VJ
performance? Waldhelm & Fisher (2016) recruited 10 recreational runners who
performed a running test at their own pace with electrodes attached to various muscle
groups in the lower extremities. They found no significant differences observed between
the overground and treadmill muscle activation and that the highest muscle groups
activated were the gluteus maximus, soleus, and biceps femoris. A review by Howard et
al. (2016) complied results from 18 articles to determine the effect sprinting had on
muscle activation and found that the largest amount of muscle activation occurred in the
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gastrocnemius, vastus lateralis, biceps femoris, and gluteus maximus. It it also accepted
that with increased running speed there is increased muscle activation (Chumanov et al.,
2012; Howard et al., 2016; Kyröläinenn et al., 2005).
Stair climbing can elicit similar muscle group activation. Lewis et al. (2015)
found significant changes in muscle activation during increased stair climbing speeds.
Therefore, running and stair climbing have both found to activate similar muscle groups
that are required during the VJ. Additionally, stair climbing and running have found to
increase muscle activation with increased speed. The similarity in muscle activation for
running and stair climbing begs the questions if stair climbing can replace a running
warm up prior to VJ testing. The lower impract to the legs and lower back during stair
climbing would be advantange over running.
One way a stair climbing warm up may improve VJ performance is by increasing
muscle temperature. Very few studies have explored the effect of an increase in body
temperature as a result of a warm-up on vertical jump performance (Andrade et al.,
2015; Tsurubami et al., 2020). In theory, stair climbing exercise as a warm-up could
increase body temperature in a manner similar to that of running and produce similar
improvements in vertical jump.
There is sufficient research on the impact various training modalities have on
vertical jump, specifically improving anaerobic power output. There is also a substantial
number of tools to assess the quality and total anerobic power output. However, when it
comes to determining what warm up is best to elicit maximum anaerobic power output
there are mixed results. There are multiple areas of study such as static stretching,
dynamic stretching, running, and sport specific movement. Prior to determining which
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warm-up technique is most effect, it’s important to evaluate the effectiveness of yet
unstudies warm-up modality such as stair climbing. At present there are no studies
identified which have used stair climbing as a warmup method. Stair climbing could
potentially have a dual impact as a warm-up to VJ . One, stair climbing can activate
similar muscle groups that have been observed to provide acute short term inreaes in
vertical jump and , two, stair climbing could provide physiological benefits such as the
increase in body and muscle temperature.
Purpose
The purpose of this study was to determine the acute impact of stair climbing on
vertical jump height in college age men and women.
Hypothesis
It was hypothesized that there would be an increase in vertical jump from pre to
post vertical jump measurements after the stair climbing in both men and women.
Limitations
Potential limitations of this study are the small sample size (N=20) and not having
a control group. Additionally, counter jump movement mechanics were not closely
monitored.
Delimitations
This study used participants who were considered to have experience with
resistance training for at least one year. The purpose of this requirement was to categorize
the participants in a trained population compared to an untrained population. The
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conclusions derived from this study are not applicable to males or females who would be
considered an elite athlete or highly trained in this area or in different age groups.
Assumptions
There was an assumption that all participants gave their best effort for all testing
measurements and followed pretest guidelines.
Definition of Terms

Power: The time rate of doing work (Power = Force x Distance/Time or Power =
Force x Velocity (Harman, 1993).
Vertical Jump: Explosive measurement of lower body power (Sanchez-Sixto et al. 2018)

12

CHAPER II
Literature Review
This review of literature emphasized the following aspects related to the present
study: (a) General Strength Training on Vertical Jump, (b) Specific Strength Training on
Vertical Jump, (c) Special Strength Training On Vertical, (d) Flexibility on Vertical Jump
flexibility, (e) Counter Jump Movement, (f) Stair Climbing and Vertical Jump Special
Considerations (g) Special Considerations (h) Contradictions in the Literature (i) and
Future Research.
General Strength Training Exercise
Numerous studies have investigated the effects of strength training and the impact
it has on vertical jump (Hester et al., 2017; Marián et al., 2016; Seyhan et al., 2019;
Tsoukos et al., 2016). There are a variety of strength training methods that are used to
increase one’s overall athletic performance. Strength training modalities that focus on
general strength training exercise are squats, front squats, split squats, and power shrugs.
General strength-training exercises are performed to increase the maximal strength of the
muscles used during exercise. Specifically, training the squat would increase maximal
strength in the leg muscles used for jumping. In order to excel in special and specific
strength training modalities the skeletal muscle must increase in strength. Consequently,
lower body strength is associated with vertical jump performance. Vertical jump training
has been a source of recordable power output in athletes and strength and conditioning
practices. Vertical jump training is often observed in explosive sports such as basketball,
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volleyball, and track. General strength training practices have been applied and reported
among the literature to improve vertical jump performance.
The studies reviewed have researched the effects training general strength
exercises in no specific order. In the research of Hester et al. (2017) the study conducted
tested different methods of ballistic and heavy exercise on vertical jump performance.
Fourteen resistance trained men with an average relative full squat of 2.02 times their
body weight participated in this study. The back-squat protocol consisted of 5 repetitions
of 80% of their one rep max, whereas the jump squat protocol consisted of 10 repetitions
at 20% of their 1RM. The subjects performed countermovement jump repetitions at
various time intervals throughout the testing. Although there was no positive correlation
between the training methods used and vertical jump the study was aiming to look more
closely at post activation potentiation. In a study by Seyhan et al. (2019) the investigator
determined the impact of an 8-week strength training program on vertical jump for
Traceurs. Traucers are parkour practitioners who require a great number of jumps at
various heights (Seyhan et al., 2019). Due to the nature of traceurs, the ability to jump as
fast and as high as possible requires much explosive power and strength. The group that
did strength training along with the parkour training completed these exercises, the back
squat, seated leg extension, seated leg curls, machine hip adductions, machine hip
abductions, standing calf raises, back lats pulldowns, seated rows, bench press, incline
bench press, biceps curls, triceps pushdowns, back extension, and sit-ups. The control
group only applied 2 hours of parkour training for two days a week. The 8-week strength
training program proved to have a positive contribution to the vertical jump heights of the
participants by almost 5% (Seyhan et al., 2019).
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In addition, the back squat has been given attention as to whether there can be
significant improvements to vertical jump height by training back squat alone. The back
squat has been widely accepted among exercise scientists to build strength in the lower
body (Chelly et al., 2009; Wisløff et al. 2003). Chelly et al. (2009) assessed the effects of
a back-squat training program on leg power, jump and sprint performance in junior
soccer players. Twenty-two male soccer players were divided into 2 groups: a resistance
training group and a control group. The resistance program was carried out twice a week
before the soccer training session. The investigator found that back half squat exercises
improved performance in junior soccer players. Another article surveyed among soccer
players found a strong correlation between maximal squat strength with sprint
performance and vertical jump height in elite soccer players. Wisløff et al. (2003) found
that half squats are a strong determinant for sprint performance and jumping height in
soccer players. In addition, strong correlations for the 0-30m sprint and 10 m shuttle run
test and jumping height were observed when tested (Wisløff et al., 2003).
While there are some research studies that support the correlation between
strength and vertical jump there is still uncertainty as standardization among individuals
(Seyhan et al., 2019; Witmer et al., 2010; Ramierz-Campillo., et al 2020). Witmer et al.
(2010) observed correlations between normalized 1-RM back squat load and change in
jump height were small to moderate for both men and women in the study. The study
concluded that there can be improvements from resistance exercise performed prior to a
series of vertical jumps, but this was only seen in certain individuals. While in the
contrary, Ramirez Campillo et al. (2020) conducted a study with thirty-seven NCAA
Division III athletes to understand various strength training modalities and their effect on
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vertical jump. Of the four training groups: strength, strength-plyometric, strengthVertiMax without arms, and strength Verti-Max with arms had no statistical differences
observed.
Furthermore, an additional area of discussion is the range of motion completed
during a squat, or squat depth. Hartman et al. (2012) researched squatting depth and the
influence it has on jumping performance. Twenty-three females and 36 male physical
education students participated in this study. A large majority of these participants had
low strength training experience. The participants were broken into 3 training groups
which were: deep front squats, deep back squats (high bar) and quarter back squats to 120
degrees. In total, the study was completed over 10 weeks for 2 times per week. The
participants followed a strength-power periodization program designed to increase
dynamic maximal strength. Pre-test measurements of a 1RM squat for all group were
taking before vertical jump and isometric force production were conducted. Of the groups
that completed the strength training protocol the front squat and back squat group
attained significant elevations in squat jump and countermovement jump. The quarter
squat group did not reveal any significant changes in squat jump or counter movement
jump. In conclusion, deep front and back squats positively enhance transfer of dynamic
maximal strength to dynamic speed-strength capacity of hip and knee extensors
compared to quarter squats.
General strength training exercises have been clearly and meticulously studied in
the realm of vertical jump improvement. Exercises such as the squat, front squat, split
squat, and power shrugs are examples of general strength training exercises. The goal of
general strength exercises is to improve overall strength. This section of the literature
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reviewed the effect of general strength training and the correlation to vertical jump
improvement if any. Among the literature, there was consensus that training general
strength exercises can increase vertical jump height. A common finding among the
literature was the individuality of each training modality. Among some articles there was
significant improvements in vertical jump after the allowed training progression for some
more than others. Upon further investigation, there was still increases noted, but
depending on the athlete’s level of training and experience there was an expectation for
discrepancies among the data. Likewise, there was discrepancy among results denoting
the effectiveness of general strength training on vertical jump. Although the data was not
overwhelming conclusive, many training methods included various aspects of training
outside of strictly doing one exercise. Lastly, the most beneficial exercise found to
consistently improve vertical jump height was back and front squat.
Special Strength Training Exercises
Special strength training exercises are those aimed at developing power. The
ability to produce power requires a gradual base of strength through general strength
training exercises. To train special strength exercises that produce and increase power,
the definition of power must be understood. Power is defined as “the time rate of doing
work” (Harman 1993). The scientific definition of work is the product of the forced
exerted on an object and the distance the object moves which is expressed as: Work =
Force x Distance. Applying the definition of work to the concept of power in the training
arena would then be defined as: Power = Force x Distance/Time or Power = Force x
Velocity (Harman 1993).
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In general, there are 3 main schools of thought when it comes to maximizing
power output. The first suggests, using lower-intensity efforts <50% of 1 repetition
maximum to achieve a higher development for power generating capacity. The second
proposes, that higher loads of 50-70% of the 1 RM are more suitable. Lastly, the third
school of thought suggests a variety of loads and exercise types programmed in a
periodization fashion to be most suitable for power output (Haff et al., 2012).
Special strength training exercises can generate high power outputs. In this case,
jump squats, power cleans, snatches, and push presses seem to be some of the leading
exercises in increasing vertical jump. The loaded jump squat has become an increasingly
popular exercise for developing lower-body power. Loads of approximately 0-30% of a 1
repetition maximum back squat can improve muscular power during jumping activities
(Schuna et al., 2010). Marián et al. (2016) concluded that 8 week of jump squat training
led to improvements in countermovement jump, squat jump, maximum isometric squat
force, as well as 50 m sprint time. Specifically, the countermovement jump and the squat
jump had significant increases from pre to mid training seeing an 18% and 15% increase.
In a similar study, Loturco et al. (2017) compared the maximum mean propulsive power
of elite rugby players with data from the loaded jump squat and half squat. The rugby
players with the higher maximum mean propulsive power could jump higher and sprint
faster. Those players who had a higher maximum mean propulsive power output
correlated with having a higher jump squat and vertical jump. Marián et al. (2016) also
conducted research solely training sixty-eight subjects with jump squats. The study
assessed maximum strength, vertical jump, and sprint performance. The participants were
divided into 2 groups a control and experimental. For those included in the experimental
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group, training occurred 3 times per week for 8 weeks using loads that allowed
repetitions for >90% of average power output. In total, there was significant
improvement in multiple areas observed by the post-training mark. Squat jump training
enhanced CMJ and SJ height from pre to mid-training and force max improved from pre
to post-training. Variations of jump squat training have also been observed. Archer et al.
(2016) conducted research among recreational lifters who performed jump squat training
with and without chains. In total, thirty-one resistance-trained men volunteered to
participate and were assigned to three random groups. The groups were broken into no
chains, chains, and a control. Jump height and back squat strength were assessed before
and after a week of training. While back squat increased with jump squat training there
was no significant increase in vertical jump.
The vertical jump is a field test that many athletes and coaches use to assess
power output. The result of field tests such as vertical jump can provide coaches with
valuable information in relation to their athletes weightlifting capabilities. For example,
Carlock et al. reported that peak power derived from jumping are strongly related to
weightlifting performance in both men and women resident weightlifters. Olympic-style
weightlifting includes many of the exercises prescribed in special strength training
exercises. These lifts include the snatch, and the clean and jerk. Within these lifts, they
can be broken down into various training modalities to improve specific points of that
lift. Hackett et al. (2016) conducted a systematic review surveying seven articles
regarding Olympic weightlifting training and vertical jump. A total of 232 participants
with resistance training experience. A few of the studies compared OW to traditional
resistance training and OW verses plyometric training. The research has concluded that
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OW is an effective training method to improve vertical jump height (Hackett et al.,
2016). In addition, similar benefits were observed from plyometric training and vertical
jump height (Hackett et al., 2016; Makaruk et al., 2020; Silva et al., 2019; Stojanovic et
al., 2016;).
Of the literature reviewed, special strength training has an increased positive
correlation to vertical jump height. Some of the more researched training methods for
special strength training is the loaded squat jump. There is substantial research that
correlates an increased vertical jump with training squat jump for a longer period. There
was a study conducted by Archer et al. (2016) which did not find increased vertical jump
after squat jump training, but there was only one week of training observed. Among
special strength training, Olympic weightlifting has a strong correlation to increasing
vertical jump height. Multiple systematic reviews have come to a similar consensus about
the positive improvement Olympic weightlifting exercises such as the clean and snatch
can have on vertical jump.
Specific Strength Training Exercises
Specific strength exercises provide a movement that is very similar to the action
that is to be completed during competition. For example, when training for vertical jump,
loaded jumps, repetitive jumping, and depth jump all mimic the jumping movement.
When it comes to specific strength training exercises plyometrics is a dominating mode
of training. Numerous studies have investigated the effects of plyometric training on
vertical jump and explosive training (Hackett et al., 2016; Stojanovic et al., 2016;
Makaruk et al., 2020; Silva et al., 2019). Stojanovic et al, (2016) investigated the effect of
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plyometric training on vertical jump performance among female athletes in a systematic
review and meta-analysis. Sixteen studies met the inclusion data which covered
plyometric training on vertical jump (VJ). Of the data that were reviewed, plyometric
training was found to be an effective training mode for increasing vertical jump height,
squat jump, and drop jump in female athletes. The greatest benefit was found to be in
interventions lasting more than 10 weeks. Makaruk et al. (2020) conducted a systematic
review and meta-analysis of the effects of resisted and assisted plyometric training
programs on vertical jump performance in adults. Of the 5092 articles that were identified
17 studies were included in the analysis. Between the effects of assisted and resisted
plyometric training there were no major differences, but both supported improvements in
vertical jump height.
Another area of study that has undergone numerous research is loaded squat jump
training (Kitamura et al., 2017; Marián et al., 2016; Oranchuk et al., 2019; RodriguezRosell et al., 2017). Among the research there is consensus that loaded squat training is
beneficial for training vertical jump. In a study by Oranchuk et al. (2019) eighteen
national collegiate athletic association division II swimmers volunteered to participate in
a study assessing hang high pull and loaded jump squat. The participants must have
experience with 1 year of resistance training as the hang high pull requires more
technique than the squat jump. The two groups of swimmers were separated into a group
that trained hang pulls for 10 week and a group that trained jump squat for 10 weeks.
Although there were significant results for both groups the data found the squat jump
training group to have more significant results. In another study by Vanderka et al. (2016)
healthy young men performed 8 weeks of loaded jump squat training. The subjects were
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tested for maximal isometric squat strength, vertical jump performance and maximum
spring speed. These tests were conducted pre, mid and post training. The results of the 8
weeks of loaded jump squat training found that jump squat training is an important factor
to increase counter movement jump height. The most significant improvements were seen
from the pre to mid training tests.
Additionally, a study by Kitamura et al. (2017) conducted a study with top-level
volleyball players from different age categories. In total, fourth-three volleyball players
from the same volleyball club participated. The study divided the participants into four
groups, under-17, under-19, under21, and professionals. The four groups had similar
training throughout the week, but the weight lighted varied between the four groups. The
research found that the countermovement jump was higher in professionals and under 21
than the younger players. Although there was increases in all groups there wasn’t as
significant increase in the younger players. Loaded squat jump training has been
researched among a wide variety of sports such as volleyball, soccer, and rugby.
Although these sports are using different movements all have equally seen benefit from
squat jump training. Jump squat training can also fall into a category of plyometric
training which has also seen various benefit in vertical jump height.
Conditioning activities such as resistance training can excite the central nervous
system which can result in Post-activation Potentiation (PAP). This section will not
address PAP into thorough detail although there is some correlation with plyometric
training and the effect it can have on PAP. Plyometric exercise can induce this Postactivation Potentiation phenomenon which has a role in increasing vertical jump (Harris
et al., 2021). Harris et al. (2021) included weighted plyometrics in soccer players which
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had positive acute responses on sprint, agility and counter movement jump following the
Post-activation Potentiation phenomenon. Plyometric training interventions have found to
have larger increases in countermovement and drop jumps in both males and females
independently of age.
Specific strength training exercises have become a widely accepted modality of
training for increasing vertical jump. Among the literature, plyometrics training has
consistently reported significant improvement for vertical jump height. Specific strength
training exercises are designed to mimic the sport specific movement. De Villarreal et al.
(2009) conducted a systematic review to determine what factors make plyometric training
effective for improving vertical jump height performance. It was determined that there
wasn’t just one defining aspect for plyometric training which lead to an increase. The
study reviewed a total of 225 effect sizes which included plyometric programs for lowerlimb muscles, studies employing true experimental designs, and studies including enough
data. The review concluded that individuals in good or bad physical condition can benefit
from plyometric work, men tend to obtain better power results than women, training
volumes of more than 10 weeks and more than 20 sessions with high-intensity
programing, different types of plyometrics (squat jump + countermovement jump + drop
jump) and there was no added benefit with doing plyometrics with added weight.
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Flexibility
A warm-up is common pre-exercise routine that is performed with the intent to
reduce and prevent injury. One method that is commonly used to improve pre-exercise
flexibility and mobility is dynamic stretching. Massaging with a foam roller and
stretching have commonly been used in addition to dynamic stretching for pre-exercise.
Smith et al. (2018) found that the enhancement of dynamic stretching may not be
effective in increasing vertical jump acutely. There was no positive correlation between
the dynamic stretching and the control after 5 minutes. Additionally, a similar study
Behara et al. observed the acute effects of Deep tissue foam rolling and dynamic
stretching on muscular strength, power and flexibility in Division 1 lineman and found no
benefit. Both studies concluded that although there was no significant increase in their
participants ability to perform power movements such as the counter jump movement
there was an increased range of motion at the joints. Additionally, the increase of foam
rolling, and dynamic stretching did not decrease power or strength production. In
previous research, findings support total static stretching duration for stretch-induced
muscle performance. Bogdanis et al. (2019) conducted a study that examined changes in
lower-limb explosive performance after 2 static stretches were performed in intermittent
or continuous bouts. The result of this study showed that the stretching protocol that was
completed intermittently increases counter movement jumping. Whereas continuous
stretching protocol decreases CMJ.
In addition to stretching mechanisms, stretching while on a vibration plate has
become increasingly popular. The acute effects of neuromuscular activity in vertical jump
and flexibility using whole body vibration have had positive findings. Annino et al.
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(2017) conducted a study to investigate neuromuscular activity after 10 minutes of
exposure to a whole-body vibration session. Twenty young males’ adults were placed
into 2 group of vibration therapy. The study found that 10 minutes of whole-body
vibration had effects on increasing flexibility and explosive strength performance.
Another study by Rehabil, (2019) investigated the immediate effects of foam roller with
vibration on hamstring flexibility and jump performance in healthy adults. The tool used
for the study was a foam roller that had vibration capabilities built within, so there was
foam rolling and vibration simultaneously. While hamstring flexibility was increased, the
vertical jump performance was not significantly different after the session. Similar to
these conflicting results, a study by Behara et al. (2017) investigated the acute effects of
deep tissue foam rolling and dynamic stretching on muscular strength and power in
division I linemen. flexibility was increased significantly after the methods of stretching
and foam rolling were applied. There were no acute changes to strength or power.
The research reviewed for flexibility has shown some of the more controversial
reporting’s for vertical jump improvement. There are a few different aspects that were
researched when looking into flexibility and the effect it has on vertical jump height. In
general, having flexibility is the ability to stretch a muscle without causing injury. There
are a few different modes of achieving flexibility, but only a few seemed to improve
vertical jump. For most athletes warming up is part of the process before any workout or
game. The literature that was reviewed often observed the effects different warm-ups had
on muscle flexibility and the correlation to vertical jump height. Foam rolling has become
a popular mode of warming up or recovering from resistance training. Behara et al.
(2017) observed acute effects of deep tissue foam rolling and found no effect on muscular
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strength, power and flexibility in division 1 lineman. In addition, there has been use of
vibration plate technology to increase flexibility in the hope that vertical jump will be
enhanced. From Amino et al. (2017) there was no increase in flexibility or explosive
performance. Although, there is still some unclear consensus as to what the best warm-up
might be to increase flexibility for vertical jump. Burkett et al. (2005) conducted a
research study that determined the effectiveness of specific a nonspecific warm-ups on
the vertical jump test performed by athletic men. The testing observed 4 warm-up
protocols which were a submaximal jump warm-up weight jump warm-up, stretching
warm-up, and a no warm-up. The weighted warm-up required 5 countermovement jumps
onto a box, with the participants holding 10% of their bodyweight in dumbbells. The
submaximal jump warm-up required the athletes to perform 5 countermovement jumps at
75% intensity of their past maxima vertical jump heights, the stretching required 14
different stretches held for 20 seconds, and the no warm-up required no activity before
testing. Weighted resistance warm-up provided the greatest benefit when performing the
vertical jump test.
Counter Jump Movement
Outside of training the body physically through resistance training research has
also investigated the effects of proper jump technique when assessing vertical jump.
There are two different assessments of vertical jump technique. The first is called the
counter jump movement in which the arms are used during the loading phase to help
propel the body upwards. The second is called a static jump test in which there is no use
of arms during the jumping phase. Proper jumping technique using the counter movement
jump has been studied to help determine a good jumper from a bad jumper. The
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effectiveness of the countermovement jump determines whether the vertical jump will be
increased or decreased. It is widely accepted that the depth allowed for the counter
movement jump if restricted will significantly decrease jump performance. The depth of
the countermovement jump is considered a biomechanical variable that is subject to
change.
Sanchez-Sixto et al. (2018) investigated the effects of a larger countermovement
on countermovement jump height. In total, 29 male basketball and soccer players were
recruited for this investigation. All participants had previous experience with jumping
tasks and had no musculoskeletal injury or nervous system dysfunction 6 months prior to
the testing. 3 countermovement jump positions were tested which were, a self-selected
crouch position, a larger countermovement, and a shorter countermovement. They found
that the larger countermovement increased net vertical impulse which lead to a higher
jump height. Another study which had similar procedures found conflicting results while
looking at knee flexion on the countermovement jump and squat jump (Chiu et al., 2015)
which measured squat jump (SJ) and countermovement jump (CMJ) in twenty male
volleyball and basketball players. The results found that the greater the knee flexion
correlated with a higher countermovement jump and squat jump. Flexion of >90 or
higher scored the highest countermovement jump. This study although looking at a
different source of counter movement jump concluded different results. Another aspect of
the countermovement technique that has been looked at is the kinetic contributions of the
upper limbs during the countermovement.
Previous research has found a 13% increase to vertical jump height (VJH) with
the rotational motion of the arms (Chiu et al., 2014; Mosier et al., 2019). Mosier et al.
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(2019) conducted a study that observed the impact that upper limb swinging had on
countermovement jumping. Fourteen healthy men volunteered for the study in which they
performed a total of 6 jumps consisting of 3 arm swings (AS) and 3 no arm swing (NAS)
(Mosier et al., 2019). The study found that with the arm swing contribution there was a
13.6% increase in VJH.
This section of the literature reviewed the counter jump movement which is a
technique in which vertical jump height can be increased. Among the studies found
throughout this literature review the vast majority used the countermovement jump as the
technique used for assessing vertical jump height. The countermovement jump has been
accepted as a form of explosive testing and vertical jump testing. Due to the use of the
arms causing a swinging motion through the jump there has been a large increase in
vertical jump height compared to a standing jump without arm swing.
Stair Training and Vertical Jump
The research on stair training as a direct mode of exercise to increase vertical jump
is very limited. The aim of this literature review was to correlate possible effects of training
on vertical jump in addition to stair climbing on vertical jump. Many of the areas researched
throughout this literature have positively shown improvements on vertical jump height. Of
the literature reviewed, there has been no clear research that has tested stair climbing on
vertical jump. Although there was research that compared stair sprinting on vertical jump,
the literature is limited (Clemons et al., 2008; Harris et al., 2014). Harris et al. (2014)
researched the effect one vs. two stairs climb training on sprint power. The participants
were comprised of fourteen male college track and field athletes. The participants were
randomized into three groups: 1S (stair), 2S, or control. All groups were pre and post tested
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for their split times and trained twice per week for a total of 4 weeks. The participants
performed 10 sets of climbing 68 stairs with a 2.5-minute rest between trials. The
participants were then allowed three maximal attempts after a familiarization day and a
dynamic warm-up. Once the training concluded, there was no significant improvement on
40-meter spring split power, but there was increased power for the specific stair training
type. In addition, Clemons et al. (2008) conducted a study to determine if stair sprinting is
a valid and reliable test of explosive power. The research collected data from 227 collegeage volunteers. The volunteers began the testing with their back to a wall 1.87 m from the
first step of a 2.04-m high staircase. The timing zone was from the top of the first step to
the top of the last step. Based off the results that were collected there was a significant
correlation between stair sprinting power, vertical jumping distance, and vertical jumping
power. There was a strong relationship between stair sprinting power and vertical jumping
distance. Of these articles, both were not using stair climbing as a direct mode to improve
vertical jump height. One used stair climbing as a method of training but found no effect
on sprint speed. In the second study, stair climbing was used as a tool for determining
explosive power in which it was compared to other accepted measurements such as the
vertical jump distance and vertical jump power. The effects of stair climbing as a direct
mode of training or as a dynamic warmup procedure is an unexplored area of research.
Many of the areas reviewed in this literature review have had positive impact on vertical
jump. In addition, many of the movements performed are like stair climbing and activate
similar muscle groups. A better understanding of the effects of stair climbing on vertical
jump can be studied through considerations through various training methods with stair
climbing.
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Special Considerations
Most of this research used in this literature review observed changes in the athletic
population. This can include but not limited to athletes who compete at the collegiate level,
professional athletes, and those who have years of training experience. Vertical jump
assessment is one of the ways to take a baseline measurement of power output. Typically,
the average population is not measuring these specific strength attributes in daily living.
The measurement that is usually taken for vertical jump has specific technique, as well.
The general population would most likely never be assessed for vertical jump in the various
ways to measure this attribute. As observed in the studies, there are very specific ways to
jump for a standing vertical jump and a multi-step jump. In addition, the training methods
used to increase vertical jump can be rigorous and there must proper form for many of the
exercises. For example, training any Olympic power lifting movements like the snatch,
clean, split jerk, and the many other variations requires experience and technique. Some
resistance training methods such as squatting, jumping, and stretching do not require as
much technique, but still require experience to be performed safely. Of the methods that
have been researched many of the plyometric and heavy resistance training have proven to
increase vertical jump height significantly. Because of this conducting a study with the
general population using these training methods would have an increased risk. This might
also attribute to the limited number of studies that have researched these topics on the
general population.
In addition, some of the studies observed no significant changes with these training
methods because of how trained the athletes were. Among the studies researched, there
was also a difference in the ability level among the athletes. Division 1 athletes will
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generally have a higher fitness level than a division 3 athlete. The available resources to a
division 1 athlete are significantly greater than a division 3 athlete which can contribute to
the discrepancies. The higher level of training the athletes had experienced the studies did
not find as significant data compared to those who had a lower level. From the research
there was more skill and training experience found in the athletes who had to perform the
resistance training exercises. The research articles mentioned in this literature review also
observed changes in various sports. Two of the more popular sports in which vertical jump
height is important are basketball, and volleyball. Depending on which sport was
mentioned there was training differences in the ability of those sport players. Furthermore,
an athlete’s ability can be hindered by soreness or fatigue from a previous day’s work out.
Some of the studies included this in their special considerations as many of the training
methods involved percentages up to 90 % of their 1RM. Even with proper allocated rest
periods in between the trials individual recovery was found to vary between each person.
Thus, this effect could negatively impact vertical height trials. Overall, this literature
review can be useful to coaches, trainers, and experienced exercisers. This can also be
beneficial to those who want a better understanding of the mechanism of vertical jump and
the training exercises that most benefit in increasing. This literature review may not be
beneficial to the general population or those lacking in exercise experience.
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Contradictions in the Literature
In the field of strength and conditioning it is generally accepted that there are
accepted forms of training to improve vertical jump. In terms of training for vertical jump
increase there are a few debatable areas in which conflicting research has been found. In
terms of general strength training exercises, there have been conflicting results between
strength training and the impact it has on vertical jump. The issue that researchers have
been confronted with is the impact training has on individuals. For the most part,
resistance training can have the same effect on an individual across the board. Research
by (Chelly et al 2019; Wisløff et al., 2003; Witmer et al., 2010) concluded that their half
squat training had a positive impact on their soccer players vertical jump and sprint
speed. Witmer et al., 2010 found a positive correlation between the 1RM squat and
vertical jump among the track participants. On the contrast, a study by Ramirez Campillo
et al., 2020 conducted a study with thirty-seven NCAA Division III athletes. The groups
were broken into four training groups: strength, strength-plyometric, strength-VertiMax
without arms, and strength Verti-Max. Between the four different groups there was no
statistical differences.
For most exercise training programs a warmup is considered very important and
vital to performance. A goal for some warmup programs it to help that exerciser or
athlete become more flexible in a sport specific movement or exercise. There is limited
literature on the effect flexibility has on vertical jump. There is also debate between the
amount of flexibility needed for an increased vertical jump height. Along the same lines
of flexibility, the type of warmup has been debated as to whether it has the capability to
increase vertical jump height. Behara et al. observed the acute effects of Deep tissue foam
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rolling and dynamic stretching on muscular strength, power and flexibility in Division 1
lineman and found no benefit. Bogdanis et al., 2019 conducted a study that examined
changes in lower-limb explosive performance after 2 static stretches were performed in
intermittent or continuous bouts. The result of this study showed that the stretching
protocol that was completed intermittently increases counter movement jumping.
Whereas continuous stretching protocol decreases CMJ. Studies by Rehbil, 2019; Annino
et al., 2017 found that the effects of their flexibility and warm up using vibration plates
increased hamstring flexibility and enhanced explosive strength performance.
Future Research
Of the methods that were researched, there are still many factors that have yet to be
researched regarding the effect resistance training can have on vertical jump height. One
area of study that should be investigated more is the effect stair climbing can have on
vertical jump. Currently there are no direct studies investigating the effects that stair
climbing can have on one’s vertical jump. In addition, investigating stair climbing with a
weighted vest, rate of climbing, and various heights of the stairs are additional
considerations. The effect of stair climbing in general has not been researched thoroughly
in the strength and conditioning field. A decision of whether stair climbing and the potential
to benefit athletes could be useful even if there is a negative outcome through training.
Additional research can also investigate PAP whether there is a need to train
specifically towards initiating this phenomenon or not. As some research has pointed
towards the positive short-term effects PAP can have on vertical jump there is still an
unclear conclusion across the literature to the true benefit of PAP if any. There is a split of
literature that has found PAP to be activated through 1RM training and positive increase
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in vertical jump height through specific training methods to bring about PAP. While on the
other side, PAP is a subjective topic and may affect individuals differently. With the
research reviewed, PAP is still a phenomenon that researchers are still trying to understand
as it is considered a “phenomenon.”
Another area of research that should be considered is weighted stair climbing
training on vertical jump height. Yali et al., 2015 observed the effects of stair climbing
under various loads to determine which muscle were activated. The loads ranged between
0 kg to the heaviest being 30 kg. The researchers used EMG signals to record lower limb
muscle activation. The results showed that as the loads increased so did muscle activation
amplitudes. Of the four muscle groups that were assessed (gastrocnemius, tibialis anterior,
hamstring, rectus femoris) the maximum root mean square (RMS) was greatest at the
gastrocnemius. The hamstrings although activation was increased with the heavier loads,
they were the least amount activated. This study did not assess vertical jump after training
with loaded stair climbing weights, but there a speculation that with the additional
activation of the lower limbs there could be strength gain which could lead to power output
and increased vertical jump height.
There has been numerous research on the effect of dorsiflexion at the ankle and
toes regarding vertical jump. Faiss et al., 2010 determined that initial foot dorsal flexion is
a key component to vertical jump performance. Twenty-one healthy female subjects were
recruited from regional fitness clubs who consistently worked out 2 to 3 times per week.
Standard fitness shoes were worn (Reebok Revent Mid, Reebok Canton, MA, USA) in
addition to dorsiflexion (DF) fitness shoes (Springboost, B-fit, Scientific Park, EPFL,
Lausanne, Switzerland. The DF shoe insoles induced 4-degree flexion of the foot. Subjects
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were asked to refrain from training 48 hours before the measurements were taken. The
subjects were divided into 2 groups, 1 group starting with the standard gym shoes and the
other with the DF shoes. Between the two different groups there was a significant
improvement in the dorsiflexion shoes in vertical jump performance. The reasoning behind
these results suggest that the DF shoes induce an increase of the length and the strength of
the triceps surae which increases torque. Yun et al., 2016 conducted similar research except
examining toe flexor strength and ankle dorsiflexion range of motion (ROM) during the
countermovement jump. Eighteen healthy volunteers participated in this study who were
free of injuries especially to the ankle joints and feet. The researchers took a pre-test jump
in which the volunteers attempted 2-legged jumps 6 times to become familiar in which
three total counter jump movements (CMJ) were recorded. Of the various coefficients
between peak toe flexor muscle (TFM) strength, DF ROM, and CMJ height, there was a
positive correlation. From the results, peak TFM strength and DF ROM are the main
contributors to CMJ performance.
Based off these research articles, which studied the effect of dorsiflexion at the
ankle joint and toe flexor strength, a study designed to add additional foot flexion during
the ascent of stair climbing could confirm an added benefit to vertical jump performance
through stair climbing training. Adequate dorsiflexion in the ankle and toe flexor strength
could be trained simultaneously in addition to stair climbing.
A last further consideration regarding training vertical jump and the acute impact
that stair climbing may induce is studying the ankle tendon stiffness that is acted on during
stair climbing. A study performed by Laurent et al., 2020 observed the effects of Achilles
tendon properties on jump performance with plyometric training. It is understood that
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Achilles tendon stiffness properties can be beneficial for optimizing muscle efficiency for
prolonged running (Fletcher et al. 2010; Arampatzis et al 2007). Similar properties of
stiffness have translated over to peak performance in sprinting, hopping height, and
frequency (Bobbert and Casius 2011; Farley et al. 1999). Laurent et al. 2020 compared two
influences of training on vertical jump height and the mechanical properties of the Achilles
tendon. Thirty-two subjects volunteered for this study in which they were assigned to two
different groups. The two exercise groups performed the same amount of repetitions and
sets per week, but only varied with the exercise knee flexion. One training group
maintained an extended knee during ground contact whereas the other training group flexed
the knees to 80-90 degrees. The Achilles tendon stiffness was observed with aa
ultrasonography and jump performance was derived from a force platform. In total, the
jump height was increased for both groups, but the 20 cm drop jump was found to be most
effective. Although ankle stiffness was not observed during this thesis project, this area of
research should be study more to understand if there is any relationship between ankle
stiffness and vertical jump induced by climbing stairs.
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CHAPTER III
METHODS
The purpose of this study was to determine the acute impact of an acute stair
climbing session on vertical jump height in college aged men and women.
Subjects
College age males and females were recruited to participate in this study. All
participants were students or staff at Eastern Illinois University. All procedures
completed were approved by the Institutional Review Board (IRB). Participants were
recruited by personal contact or email by the lead investigator. No incentives were given
for participation. While there was no inclusion criteria for ethnicity all subjects had to be
college age males or females between 18-26 years with at least one year of experience
with lower body training (squats, front squats, lunges, or lower body machine use) and
had an exercise history of nonspecific working out of minimum of two times per week
for one year. Other inclusion criteria were the absence of the following: musculoskeletal
and/or orthopedic injury to the upper or lower body, exercise induced asthma (unless
there was an inhaler provided), uncontrolled hypertension, and pregnancy. Additionally,
participants had to agree to not partake in any lower body training 3 days before testing
appointments.
Prior to being selected as a subject for the study, volunteers were screened with a
health history questionnaire to determine any potential risk factors towards exercise. The
National Academy of Sports Medicine (NASM) healthy history form and the
International Physical Activity Questionnaire (IPAQ) were administered to all potential
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subjects to determine if the volunteers healthy and able to participate. If no risk factors
were identified, participants went through a familiarization session to determine their
ability to complete the required testing protocols. Twenty three paritpcants were
originally recruited for the study but three participants were released from the study due
to personal reasons.
In total, 20 subjects with a mean age of 23 (± 2.30) years met the criteria and
volunteered to participate in this research study. Prior to testing, the procedure and
requirements were made clear through a detailed informed consent that included
exclusion criteria. In addition, the subjects were given the opportunity to ask the primary
investigator questions. All participants that were accepted into the study were divided by
gender into two groups: a female group (n=11), and a male group (n=9). There was no
control group for this study. After completing the informed consent, the participants data
were recorded and identified by a numerical code to keep their information confidential.
1 RM Protocol
Each subject’s one repetition maximum (1RM) leg press was assessed according
to the protocol described by the American College of Sports Medicine (ACSM) (Riebe et
al. 2018, p. 90). The 1RM test was administered to account for muscular strength which
could provide additional insights to outcomes of the study The leg press machine used for
the 1RM measurement was the Nautilus Leg Press Machine (Independence, Virginia) and
recored in pounds (lbs). Upon arrival, participants were asked if they participated in any
heavy resistance training in the past three days to eliminate any possible effect it could
have on testing. The lead investigator also reviewed the participants HHQ to make sure
there were no contraindications to testing. The participants were then seated quietly for
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five minutes prior to the assessment of blood pressure ( BP) . If the resting BP was < 140
mm Hg and < 90 mm Hg the participants began the 1RM protocol. Heart rate (HR) was
not measured or recorded for 1 RM testing. The lead investigator demonstrated and
explained the 1RM procedure in line with ACSM guidelines. In the case that participants
could press more than 1 rep for the last trial an estimated 1RM was calculated based off
ACSM guidelines. Once the 1RM protocol was completed participants were seated until
systolic BP returned to to within 6-8 mm Hg of the resting value and diastolic pressure
the same or lower as resting. If the initial post-1RM BP had returned to normal levels the
participants were able to leave. If the post-1RM BP was not within the allowed
measurements the participant remained seated until their BP normalized. After the testing
was completed, the lead investigator discussed the second appointment date and time for
each subject to meet at the Student Recreation Center on the EIU campus for further
testing within one week.
Vertical jump and Stair climbing protocol
On the day of their scheduled vertical jump (VJ) test, participants were asked if
they did any strenuous exercise that could affect their VJ. All participants abided by the
2-day period of no strenuous exercise activity before testing. Also, the HHQ was
reviewed once again to identify any contraindication to the testing assessments. Before
testing, the participant was seated for five min before taking resting HR and BP. For
safety reasons, resting HR had to be lower than 100 bpm to be cleared for testing and BP
had to be lower than 140/90 mmHg. Once these measurements were taken and the criteria
met, a sufficient warm up was demonstrated and explained followed by the pre-vertical
jump measurement. The warm-up consisted of 10 high knee pulls, 10 hamstring scoops
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per leg, 10 butt kicks, 10 walking lunge twist, 10 squat jumps. upper body: arm circles
30-60 seconds, and 10 jumping jacks. The vertical jump measurement was performed
with the Just Jump Mat System (Probotics, Huntsville, Alabama). In addition, the counter
jump movement was also demonstrated in accordance with Science for Sport guidelines
(Walker, 2016). The participants were allowed three jumps with one-minute rest in
between each jump with the mean of the three jumps recorded as the VJ height. If the
participant landed outside of a 27x27 inch box underneath the Just Jump Mat system, the
jump was discarded and another jump was attempted. If the third jump was greater than
their second jump the participants were allowed a fourth jump. After the jump
measurements were taken, the participant and lead investigator proceeded to the Series
Climber Machine (LifeFitness PowerMill Integrity Series Climber) which for the
purposes of this study will be referred to as the stair stepper.
The stair climbing protocol had subjects perform a stair climber trial of five, 1minute intervals with two minutes of rest between each interval for a total of 15 minutes.
For all intervals the stair climber was at a standard of 89 steps per minute.Before starting
the stair climbing protocol during the second appointment, the participants were fitted
with a polar (T31, Kempele, Finland) heart rate monitor to allow HR to be observed
during stair climbing. The participant’s estimated maximal heart rate was calculated
using the formula 220 minus their age. If the participant reached 95% of their max heart
rate during the stair climbing session, the trial was terminated and the participant was
monitored until HR and BP returned to resting values and then the testing session was
rescheduled. The SC session was not completed until resting values for HR had to be
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within 20 bpm of their resting value and their systolic BP had to be within 6-8 mmHg of
resting with the diastolic the same or lower than resting (Riebe et al., 2018, pp.71-84).
Once the stair climbing exercise was completed, subjects rested 3-5 min before
measuring the post-vertical jump height according to the same protocol used for the prevertical jump height test as previously described. The rest period between the stair
climbing trial and post vertical jump testing was based upon a study by Spitz et al. (2014)
that found a longer elapsed time than 5 minutes following a warm-up resulted in
reductions in athletic performance. In addition, once the participants had completed the
stair training, the participants had to walk to laboratory located one floor below the site to
where the stair climbing was performed. The recovery time included the walk from the
Recreational Center to the testing room to ensure the participants were within the
recovery range. The recovery phase was not recorded but was timed with all subjects
completing it under 5 minutes. Once the VJ testing was concluded subjects were allowed
to leave when their heart rate was within 20 bpm of their resting and systolic pressure
was within 6-8 mmHg and diastolic pressure was less than or equal to their resting value.
Analysis
The data were recorded and analyzed using an Excel spreadsheet where data for
mean VJ and 1RM were grouped for each subject by gender. Group means and standard
deviations were calculated for all dependent variables for all subjects as well as for male
and female groups individually. A two-tailed ANOVA was utilized to compared
differences between the means with an Alpha of ≤ .05 was selected for significance.
Pearson Product-Moment Correlations between 1RM and VJ were also calculated for
discussion puposes.

41

CHAPTER IV
RESULTS
The purpose of this study was to determine the acute impact of an acute stair
climbing session on vertical jump height in college aged men and women. All testing and
data collection was completed between April and May, 2020.
The subjects’ age, heart rate, and blood pressure were meaured before 1 RM
testing and SC (Table 1).
Table 1.
Gender (N=20)
Male (N=9)
Female (N=11)

Subject Characterisitcs by Gender
Average Age (yr)
Resting HR
Resting Blood Pressure
(bpm)
(mm Hg)
22±2.4
74.5±12
114/73.3
23.3±2.2

69±7

102.9/66.3

Results from the 1 RM values taken during the first appointment before SC are
found in Table 2. If 1RM could not be achieved an estimated 1RM was calculated
according to ACSM guidelines.
Table 2.
Mean Leg Press 1 RM Estimates
1 RM (lbs)
Males (n = 9)

622.78 ±113.01

Females (n = 11)

537.64 ±169.45
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Mean vertical jump values were calculated from the three or four trials of each
participants (Table 3). Both female and male participants had significant increases from
their pre to post VJ with a a greater significant in the man compared to the women.
Table 3.
Vertical Jump Means (± Standard Deviations) Without (VJ) and With a Stair Climber
Warm-u p(VJ-SC) for Male and Female Participants.
Participants

VJ (in)

VJ-SC (in)

p-value

Females

18.21±2.60

18.85±2.68

.0249*

Males

24.85±3.45

26.01±3.71

.0001*

All

21.20±4.48

22.07±4.79

.0001*

• *<.05

For discussion purposes correlations were calculated between 1 RM and VJ and 1RM
and VJ-SC to determine if lower limb strength had an effect on VJ. The correlations
between 1RM and mean vertical jump (VJ) as well as the peak or highest VJ (PVJ) were
weak except for the correlation between 1 RM and HVJ for females was negligible
(Table 4).
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Table 4.
Correlation between 1 RM and Vertical Jump Without an Acute Stair Climbing Warm-Up

1 RM vs. VJ

1 RM vs HVJ

All

.2792

.2766

Females

.3140

.0267

Males

.3136

.2035

The correlations between 1RM and VJ-SC (mean vertical jump post-stair
climbing) and 1RM and HVJ-SC (highest vertical jump post-stair climbing) remained
weak except for two moderate correlations between 1RM and HVJ-SC for males and
females (Table 5).

Table 5.
Correlation Between 1 RM and Vertical Jump After An Acute Stair Climbing Warm-up.

1 RM vs. VJ-SC

1 RM vs HVJ-SC

All

0.3443

0.3649

Females

0.3841

.04048

Males

0.3905

0.4053
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In summary, the difference between VJ and VJ-SC was found to be significant for
both male and female participants. Correlations between 1RM and VJ were found to be
mostly weak without a stair climbing warm-up and improve to moderate for males and
females.
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CHAPTER V
DISCUSSION
The purpose of this study was to determine the acute impact of a warm-up stair
climbing session on vertical jump height in college age men and women. The results
show that there was a significant increase for both male and female particpants from VJ
to VJ-SC. Although significant, the males had a larger increases in the mean VJ height.
One possible explanation is the differences between males and females in the counter
jump movement. McMahon et al. (2017) conducted research regarding sex differences in
VJ due to the countermovement jump phase. They studied fourteen men and fourteen
women who performed three CMJs on a force platform in which kinematic variables
were calculated. They found that relative force-time curves were similar between sexes,
but differences were found between power, velocity, and displacement time curves.
Males had greater displacement-time curves at the start of the eccentric phase and the
concentric phase. In conclusion, there was a greater jump height due to a larger
concentric impulse. In a similar study, Philpott et al. (2020) compared gender differences
in counter jump movements in elite sprinters and high jumpers. Twenty-seven athletes
were recruited for this study in which they completed three maximal CMJs. Significant
differences were seen in the peak power and eccentric time. Although CMJ differences
were not accounted for in this study the upper body strength differences could have
affected overall jump height involved in the CMJ movement between males and females.
Although not statistically analyzed, there was a weak correlation between 1 RM
and HVJ that improved to moderate for 1 RM VJ-SC. The weaker correlations between 1
RM and VJ suggest that muscle mass alone may not be a major determinate in VJ
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performance and the improvement in correlations between 1RM and VJ-SC suggests that
muscle temperature and other changes that occur to the muscle with a stair climbing
warm-up are contributing to the improved VJ. Although speculation, this improvement in
the correlation between 1RM and VJ-SC imply the importance of warm-up to the
muscles prior to completing VJ and that stair climbing is an effective form of warm-up
based on the significant improvement in vertical jump from VJ to VJ-SC.
Ahletes undergo a warm-up phase before exercise in ordre to prevent injuries and
optimized exercise performance or both. The increases seen after SC could be contributed
to the effect a warm up on the involved muscles groups and therefore VJ performance.
Numerous studies have researched the impact a warm-up can have on improving sports
performance in athletes across the board for sports (Andrade et al., 2015; Racinais et al.,
2017; Tsurubami et al., 2020;). Andrade, et al. (2015) observed the effects of general,
specific, and combined warm-up on explosive performance. The impact of passive rest,
running, stretching, jumping and a combination of these as a warm-up was examined on
the squat jump and countermovement jumping. A 5-min running warm-up at 70% of the
maximal predicted heart rate could significantly improve jump performance. Tsurubami
et al. (2020) recruited nine athletes who regularly participated in collegiate sports at the
national level . The investigators conducted three experimental sessions throughout the
length of the study. The three warm-up intensities were 80% VO2max, 60% VO2max, and
no warm-up. In addition, jump measurements were taken immediately after, 10 min after
and 20 min after the warm-up. The study found that both moderate and high intensity
warm-up can maintain muscle temperature for up to 20 min after the warm-up.
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Physiologically, the increase in body temperature results in improved muscle
force and power (Racinais et al., 2017). In addition to the positive impact increased body
temperature has on performance, a warm-up also improves muscle blood flow
(Tsurubami et al. 2020). In addition, multiple authors have concluded that an increase in
body temperature may decrease the viscous resistance of muscle and joints as well as
decrease stiffness of muscle fibers (Bishop, 2003; Racinais et al., 2017). This is
supported by the significant improvement that SC had on VJ in the current study.
Conversely, Spitz et al. (2014) found that a longer elapsed time following warm-up
combined with cold air exposure resulted in significant exercise performance although
they were observing the effects of a longer warm-up and the addition of cold
temperatures. It was found that the decrease in body temperature that followed the
elongated warm-up had significant decreases on performance levels.
Overall, it is very likely that the positive impact of an increase in muscle and body
temperature had on performance could have been elicited during the SC intervention in
the current study resulting in the significant imporovmetns on VJ. In addition, the
activation of specific muscle groups used during the SC have proven to have acute
increases in VJ (citation needed). While there are suggestions that SC can actiate similar
muscle grouping attributed to increaeing, further research is need to identify the specific
factors that SC climbing has on activating the muscle groups involved in VJ performance.
The impact of stair climbing on VJ and other forms of explosive muscular power
performance deserves further research. As noted earlier the correlations between 1RM
and VJ were stronger after the stair climbing session. Although heart rate and body
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temperature were not measure in this study, changes in either of these two factors could
have contributed to the improvements in VJ seen after the stair climbing session.
CONCLUSION
In conclusion, the findings of this study found that the acute impact of stair
climbing had a significant improvement on the vertical jump height in college age men
and women. Although speculative, the improvement in VJ performance from a SC warm
up session is likely to to changes within the muscle groups activate during VJ
performance such as increased muscle temperature rather than the amount of muscular
strength or muscle mass of the lower body.
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Appendix A: Raw Data
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Raw data for Female Pre-Stair Climber Vertical Jump Height
1st Attempt (in)

2nd Attempt
(in)

18.8

19.2

18.5

F2

19.8

21.4

20.8

F3

17.6

18.5

18.8

19.1

F4

16.3

16.6

17.8

16.8

F5

23.4

22.6

24.5

21.9

F6

15.4

16.4

17.1

17

17.5

17.5

17.2

F8

12.4

13.1

13.8

12.8

F79

16.5

17.6

18.6

16.1

F10

19.4

20.7

20.4

F11

18.4

18.6

17.2

17.7±2.80

18.3±2.63

18.6±2.70

Participant
F1

F7

Averages with
SD

3rd Attempt (in) 4th Attempt (in)

18.9±3.05
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Raw data for Male Pre-Stair Climber Vertical Jump Height
1st Attempt
(in)

2nd Attempt
(in)

3rd Attempt
(in)

4th Attempt
(in)

25

24.1

25.7

25.6

M2

24

24.9

25.1

25.8

M3

22

23.5

23.7

23.4

M4

27.6

26.5

27

27.6

M5

27.6

27.7

28.9

27.9

M6

18.6

18.8

18.4

23

23.3

22.6

M8

30.6

30.8

30.1

M9

21.1

22.7

23.9

25.2

24.39±3.74

24.70±3.39

25.04±3.50

25.92±1.66

Participant
M1

M7

Averages with SD
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Raw data for Female Post-Stair Climber Vertical Jump Height
1st Attempt (in)

2nd Attempt (in)

3rd Attempt (in)

F1

19.9

19.4

18.6

F2

21.6

22.6

22

F3

19.7

18.8

19.2

F4

17.5

17.2

17.1

F5

23.8

23.2

23.4

F6

19.6

19.4

18.5

F7

17.5

16.9

17.5

F8

13.2

14.2

13

F79

17.5

16.9

17.2

F10

20.8

22.1

18.6

F11

18.6

18.4

19.4

18.3

19.06±2.74

19.01±2.76

18.59±2.69

18.84±2.77

Participant

Averages with
SD

4th Attempt (in)

18.9

23.4

17.6

16
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Raw data for Males Post-Stair Climber Vertical Jump Height
1st Attempt (in)
26.5

2nd Attempt (in)
26.5

3rd Attempt (in)
27.3

4th Attempt (in)
26.5

M2

26

26.1

27.1

25.3

M3

24

22.1

24

24

M4

26.9

27.8

28.3

27.9

M5

29.6

31.3

29.3

M6

20.4

19.2

20.9

M7

22.7

23.7

23.5

M8

32

33.1

31.6

M9

23.3

24.4

24.8

25.2

25.71±3.46

26.020±3.58

26.31±4.35

24.75±3.30

Participant
M1

Averages with SD

19.6
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Raw Male 1 RM Leg Press Data
Participant
M1

1 RM Estimate lbs.
707

M2

578

M3

495

M4

707

M5

592

M6

707

M7

405

M8

707

M9

707
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Participant
M1

Raw Female 1 RM Leg Press
Estimates
1 RM Estimate
707

M2

444

M3

707

M4

642

M5

485

M6

707

M7

225

M8

507

M9

326
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Appendix B: IRB Forms
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VOLUNTARY AGREEMENT CONSENT
Human Performance Laboratory
Kinesiology, Sport & Recreation Department
Eastern Illinois University

PATCITIPATION NAME____________________________ DATE__________________
I hereby consent to voluntarily to participate in the study observing the acute
effects of stair climbing on vertical jump. I will engage in three different forms of
exercise to determine the effects of stair climbing on vertical jump. One maximal
leg press test will assess a baseline of muscular strength and I will also perform
two maximal vertical jump tests. I have been informed that my time commitment
is about 60 minutes, and that I should wear clothes that allow for free movement
during vigorous exercise.
It is my understanding that I will be questioned prior to taking the test and
will complete a questionnaire about my health history and any current signs or
symptoms that might be contradictory for exercise. I understand that no maximal
resistance exercise should be performed within two days of testing. I also
understand that I will have my resting heart rate and blood pressure assessed to
provide safe testing and recovery guidelines.
I have been informed that the purpose of this test is to determine the
relationship between stair climbing and vertical jump. Exercise testing will be
performed on a stair climbing machine that will be at a set speed of 89 steps per
minute. During this testing I understand that I must wear a mask the entire time.
In all cases, the test will continue for the predetermined time unless I become
fatigued and decide to stop at which time the test will be stopped. I have been
informed that I will be required to wear a heart rate monitor throughout the test.
There exists the possibility that certain abnormalities may occur while
exercising such as irregular heart rate, excessive shortness of breath, muscle
soreness or tightness and in very rare instances heart attack. Every effort will be
made to minimize these risks by monitoring hear rate and following the
recommended exercise testing guidelines set forth by the American College of
Sports Medicine.
I have been made aware that the benefits of participating in this study are
that I receive and accurate 1RM leg press and vertical jump height assessments.
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I understand that I have the responsibility to be honest and forthcoming in
providing information about my medical history and any untoward symptoms
that I experience before, during or after the test. I have read the foregoing
information and understand it. Questions concerning this study and grade
exercise test have been answered to my satisfaction. I have also been informed
that the information derived from this test is confidential and will not be
disclosed to anyone other than those that are involved in my care or exercise
prescription without my expressed written consent. I also understand that the
researcher can terminate his/her participation in anytime without penalty.
Participant Signature_________________________________ Date
Witness____________________
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